INTRODUCTION
In an attempt to provide a communications medium for blind computer users, the requirements for an optimal method of communications were set forth. Previous solutions to the problem were studied and their shortcomings were noted. Through a combination of ideas from previous approaches and the author's personal experience, a new and unique direction was taken, which resulted in a host independent talking computer terminal.
The hardware for the terminal, consisting of a microprocessor, a speech synthesizer, a keyboard, and a modem, were assembled to form a prototype system. An analysis of algorithms for the translation from text to synthesizer commands was conducted, resulting in a decision to use a technique designed by Mcllroy from Bell Laboratories, with modifications to tailor it to the needs of the talking terminal. The necessary software was written and the talking terminal was demonstrated using the University of Illinois' PDP 10 as the host computer. It is currently being used at West Virginia University on an IBM 360-75 as a research tool of the author.
Pictured is the Talking Terminal which is currently connected to West Virginia University's IBM 360-75. It is used extensively by the author and others as a research tool.
Finding a reading aid or method for the blind has been a long standing research problem. The earliest significant contribution to the problem was the work of Louis Braille in the mid 1800's. More recently, computers and other sophisticated electronic equipment have been used in an attempt to find a better solution.
Because of the specific nature of the problem, or perhaps because it affects only a small percentage of the population, it has not received the research attention it deserves. Some major contributions have been made, but they are few and far between. Further, almost all of the research that has been done was conducted by sighted individuals, with little or no input from blind persons who would be the eventual users of any discovery.
A sighted person's opinion of what he would want or need if he were blind is not always a true reflection of the needs of the blind. The author, himself blind, hopes that his personal experience will lend an insight into the problems of the blind which is sometimes lacking in other research.
MAN-TO-MAN COMMUNICATIONS
Communications through a non-verbal medium is a difficult problem for a blind individual. Since the visual channel must be converted to data suitable for one of the remaining senses. The most commonly chosen secondary channels are auditory or tactile. Both are seriously limited in bandwidth as compared with vision.
Common solutions include transcription to Braille and the reading of printed material either face to face or via a tape recorder. Even though many textbooks and novels are available on tape and records from the Library of Congress and Recordings for the Blind and in Braille from the American Printinghouse for the Blind, there are still serious drawbacks to the loss of the visual channel. Of primary concern is the availability of this material. That is, although brailled and recorded books are adequate, they are not as readily available as the printed word. Not every book, paper, or magazine that a blind person might wish to read has been converted. Further, the conversion is time-consuming and requires the assistance of a sighted person.
A major contribution to the solution of this problem was made by Telesensory Systems, Inc. when they began production of the OPTICON (optical to tactile converter). 1 A small camera is moved across a line of printed information. A tactile image of each letter so scanned is presented through a matrix of vibrating reeds. These raised impressions are read (felt) by the user. The user of the OPTICON can, without assistance, read the printed page. It should be noted that it takes considerable training to recognize the raised impressions of the letters, and even then, reading rates remain disappointingly low. Experienced users have not been able to exceed 70 words per minute.
MAN-TO-MACHINE COMMUNICATIONS
A blind computer user is faced with the same problems of communications except that he is communicating with a computer rather than another person. Obviously, the input to the computer is not a problem, since keypunches and terminals are keyboard devices and although the location of the keys may vary, they are quite similar to those of a typewriter. Thus, input to the computer can be achieved with only the inconvenience of learning a new keyboard, which is also required of the sighted computer user.
The transfer of information from the computer to the blind user is similar to the man-to-man communications problems discussed above. However, there are two major differences. First, the data cannot already have been transcribed into Braille or recorded on tape because every computer output listing is unique. This means that the blind user must make arrangements to have someone transcribe or read his output or he must read it himself with an imageto-tactile converter. Further, it is quite difficult, if not impossible, for the average blind person to use a timesharing terminal interactively without someone with him to read the output or without the use of an OPTICON.
The second difference is that the data is already in computer readable form. If the computer could itself present the data in something other than a visual medium, the man-to-machine communications problem would be solved. Now, only how to convert and present the data needs to be determined.
DETAILS OF THE PROBLEM
The purpose of this study is to design an optimal method for a blind person to communicate with the computer and to assemble whatever hardware and software is necessary to achieve such communications. The criteria against which the adequacy of a solution can be measured will be set forth so that any shortcomings of a particular system can be more easily discovered.
One of the most important qualifications of any communications technique is that it should be available whenever the individual wishes to use the computer system. This precludes the use of another human being to read the output, since scheduling can be quite difficult. Therefore, the communications method should involve some machine or mechanism that is available whenever the computer itself is available to the average user.
Second, the communications method should be as complete and as versatile as possible. It should be able to be used in many aspects of computer communications. For example, if the computer system can be used in a batch mode through punch cards and listings or in a time-sharing mode from a terminal, the communications method should be applicable to both.
Third, the converted data presented to the user should be as thorough and complete as that presented to a sighted user. All system messages, job control language, log-on preambles, etc. which are generated from normal use should be presented unmodified to the blind user. Further, all system resources should be available. This precludes the use of restricted or specifically modified languages, compilers, editors, etc. for use by the blind.
Fourth, the communications method should not require that the user acquire some special or unusual skill, e.g., Morse code or the ability to distinguish musical chords. The user of the system should be able to interact with the computer with no more training than is expected of a sighted user.
Fifth, in the same way a teletypewriter can be attached to many widely varied computers, the communications method should be computer independent. This would allow the blind computer user to communicate with many different computers without requiring totally different methods for different computers. This goal is considerably more difficult to realize, but is very important.
Finally, the communications method should be equivalent in cost to devices required by a sighted person to communicate with a computer. A company wishing to hire a blind person should not be expected to pay large sums of money for equipment to enable the blind person to do the same job as a sighted person who would need no special equipment.
These six criteria will be used to measure the effectiveness of various methods of communications. Input to the computer will not be discussed because it is easily achieved through keyboard devices which blind people can operate without any difficulty. Emphasis will be on ways to convert and present data through a non-visual medium.
INADEQUACIES OF PREVIOUS SOLUTIONS
Braille is the most common and perhaps the easiest form of output for the blind. However, it is not without disadvantages. The Braille character consists of a matrix of dots, two wide and three high. Counting horizontal and vertical spacing between characters, 40 Braille characters would be 120 characters wide and four lines high on a printer. Thus, what would appear on one line of 120 characters of print requires a maximum of twelve lines of dots and spaces in Braille. Even with the use of compression techniques for blanks and short lines, Braille is still very bulky. For example, a thirty volume encyclopedia would consist of 145 volumes of five inch thick books in Braille. Further, computer generated Braille requires some sort of change to the line printer, which means a time delay in most computer installations. Special forms jobs are seldom run more than a few times a day. Because of its bulk, Braille output is quite wasteful, especially if only a few lines of each listing are needed, as is commonly the case in debugging a program. Braille output does provide a good means of storing information for later use and providing a listing which can be studied many times. However, it is easily destroyed by placing many listings or other heavy objects on top of it, causing the raised dots to be erased. Properly embossed Braille on special paper has an average life of fifty readings. 3 (Embossing against a soft base does not produce as well as when a metal die is used. The soft base limits dot height by allowing the dot base to expand.)
On the surface, the OPTICON seems to present a very satisfactory solution. It is computer independent, readily available, reads all forms of output (it can even be used to read the face of a cathode ray tube display), and presents no restrictions on what computer services are used. It is, in fact, quite adequate for reading listings in a batch environment. But, since it presents the tactile data on the user's fingertip, it is inconvenient to use at a time-sharing terminal, since the user must continually move his hand from the OPTICON to the keyboard and back again. Also, the reading speed with the OPTICON is a consideration against its use, as stated earlier.
Additionally, with both Braille and the OPTICON, a sensory fatigue problem enters after prolonged use without rest. This fatigue could be compared to eye strain. The Braille or OPTICON reading finger becomes tired and the ability to detect and distinguish characters lessens, causing errors and slowdown in reading. Although experienced readers may be able to work for several hours before becoming fatigued, others cannot continue for more than a half hour without giving the reading finger a rest. Since most computer programmers spend several hours at a time at a terminal, this drawback would present serious problems.
DIGITAL SPEECH SYNTHESIS SYSTEMS
The final medium to discuss is that of synthetic speech. Many companies are producing various types of voice response systems. 4 However, in most cases, system details are proprietary. Synthetic speech seems to be the optimal medium for the computer to communicate with blind users, indeed, with man. There is sufficient reason to believe that no arbitrary letter-by-letter code could ever be as efficient and understandable as the spoken language of the user. To bridge the gap between the computer and the blind user, the computer must "speak." In the earliest voice response systems words, phrases, and occasionally syllables were recorded on photographic film or magnetic drums. 4, 11 These methods are very useful in systems that require a small fixed vocabulary, e.g., time and temperature units. However, their adaptation to more sophisticated systems is limited.
Rather than dealing with large units such as phrases or words, the most versatile synthesizers deal with phonemes, the smallest unit of the spoken language. They accept digital phoneme commands and return their audible counterpart. This approach requires sophisticated software to convert from letters to phonemes. There are several algorithms for this translation ranging from dictionary look-up techniques [6] [7] [8] to synthesis by rule.
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The problem with this method of synthesis is that the words to be synthesized must be converted from graphemes to the corresponding phonemes. (Graphemes are the 26 letters of the alphabet and all special symbols.) This is not a trivial process since the English language does not follow any simple set of rules for letter to sound correspondence. This is most apparent with vowels. For example, the sound corresponding to the grapheme "O" in "women" and "Bob" is clearly quite different. Since phoneme translation is context dependent, these algorithms usually require large tables and a moderate amount of computation. However, computer generated speech systems using synthesis by rule have been designed to produce quite satisfactory and understandable output. 10 ' 12 An example of such a system is the one at Michigan State University. 12, 13 This system is a very significant step towards an optimal communications method between a computer and a blind user. Nevertheless, there are some serious shortcomings. First, the translation to phonemes is done in the host computer system, not in the terminal. Thus, the system is computer dependent. Although the software might be moved to another computer, such a transfer would almost certainly involve modification to the software, perhaps major revisions if the transfer were to another model or another manufacturer's computer. Further, only a subset of the system's resources are available to users of the special terminal. This may be adequate in beginning'"computer science ethrcaticm bat « no* ni •»}•! satisfactory for a more advanced and experienced computer user. The most serious drawback, however, is that since the conversion to phonemes is a process on the host computer, some messages are sent directly to the terminal, bypassing the translation process. These characters, if sent directly to the speech synthesis device, would not produce words, and if sent to a teleprinter or CRT for printing, they could not be read by the user.
A TALKING TERMINAL
Considering all aspects of the above discussion, an optimal communications system for blind computer users was designed. Such a system should clearly be an interactive terminal, rather than a batch system, to allow more complete access to computer facilities. All batch facilities are usually available through an interactive terminal, but seldom is the reverse true. That is, in a terminal system, long jobs can be scheduled for execution in batch mode and have the output sent back to the terminal for later reading. However, interactive computing, and especially text editing, is available in a batch environment only in a very limited way.
Interactive text editors are of great advantage to the blind user. Corrections to program files can be made easily by reference to line numbers without the inconvenience and difficulty of finding specific punched cards in a deck.
Many sighted programmers use on-line terminals to write and debug their programs. This two-way communication speeds up the process. However, the blind programmer does not have this capability. Clearly, this disadvantage is felt. Recently, the ACM Special Interest Group for Computers and the Physically Handicapped circulated a questionaire among blind programmers about their special needs and interests. The results were published in SIGCAPH Newsletter Number 8, July 1, 1973. In response to "What special tools or equipment would you like to see developed?" readers wrote: "A faster means of reading than Braille;" "A machine to read ink output from the computer;" "Auditory output or input echo;" "Random access books;" "An easier way of finding or inserting cards in a deck;" "A card reader enabling me to make corrections myself."
Computer-generated speech of the phoneme synthesis variety is the best means of presenting the output. However, the translation from graphemes to phonemes clearly should not be done in the host computer due to the computer dependency problem and the inability to translate certain messages as mentioned above. Therefore, an intelligent terminal of some description must be incorporated so that the translation can be done in the terminal. This solves both problems. Since all messages are sent to the terminal and are translated there for presentation to the synthesizer, no messages can bypass proper translation. Also, the terminal can be constructed in such a way that it appears to be a teletypewriter or other conventional terminal to the host computer system. Thus, computer independence is maintained.
Additional advantages are present which can be attributed to the intelligence of the terminal. That is, some special processing of the data presented to the terminal can be performed if desired, e.g., reading only the first few characters of a line, selecting a mode of operation whereby the terminal spells all output, and other local features.
It appears that such a talking computer terminal would be the optimal method of communications for blind computer users. Specific details of the talking terminal will follow.
HARDWARE COMPONENTS
An analysis of a teletypewriter or a CRT type terminal yields the following components: a keyboard to enter the data; a coupling device such as a modem to communicate with the computer; and an output device, such as a tele- printer or cathode ray tube display. The talking terminal retains the keyboard and coupling device, and adds a speech synthesis device for output presentation, driven by a micro-processor. The micro-processor is necessary to maintain host independence, since synthesis devices need special codes to drive them. The standard ASCII characters sent to a terminal need to be converted to these special codes.
In the selection of a specific manufacturer and model of the above equipment, several factors were taken into consideration. The talking terminal is considered to be a prototype device for experimentation. Therefore, ease in entering, modifying, and debugging the system's software was of great importance. In a final version of the terminal such features as front panel display lights and control switches, which were essential in the system's development, would not be necessary, and, in fact, might be undesirable. Other considerations in hardware selection were keeping the cost of the terminal as close as possible to the cost of a standard terminal, within the constraints of delivery time and availability of components.
The Votrax unit, manufactured by the Vocal Interface Division of Federal Screw Works was selected for the speech synthesis device.
14 This decision was based on several factors. First, the majority of speech synthesis applications found in the literature make use of the Votrax, and therefore, many of the algorithms for translation from text to phoneme codes are designed specifically for use with the Votrax. Further, after hearing the device demonstrated on several occasions, it was deemed adequate for the purposes of the talking terminal based on clarity of speech and speed.
The micro-processor system was selected to provide the intelligence for the terminal. Due to the slow data rate of ordinary speech, (on average, two to three words per second), the speed of the computer was not an important factor, even with a complicated algorithm for text-tophoneme translation.
The Altair 8800 computer system manufactured by MITS, Inc. was used in the talking terminal. This decision was based on availability, low cost, modular design, and a bus structure that allows the system to be configured with any amount of memory and any number of input/output ports.
Input/output drivers and 16K bytes of static random access read-write memory were obtained from Processor Technology to complete the Altair computer system. Readwrite memory was selected for the prototype terminal so that program changes could be easily effected. A final version of the terminal would require only 2K bytes of read-write memory for buffers and program variables. The remaining 14K bytes could be replaced with read only memory, permitting non-volatile storage of system software and tables.
SOFTWARE DESCRIPTION
The software for the terminal consists primarily of routines to perform the translation from English text to the digital commands necessary to drive the speech synthesis device. Routines to handle the communications between the terminal and the host computer system, as well as those to manage character storage buffers, complete the list of the terminal's software. The algorithms for the text to phoneme translation used in the terminal are those described by Mcllroy from Bell Laboratories. 10 However, the algorithms have been modified to better suit the needs of the talking terminal.
The decision to use Mcllroy's algorithms was based on several factors. First, his approach was designed specifically for use with the Votrax synthesizer. His rules and tables map directly into the phonemes used by the Votrax. (The phonemes used by the Votrax are not in a one-to-one correspondence with those in the International Phonetic Alphabet.) Further, Mcllroy's algorithms deal with each word individually. That is, no attention is paid to context during the translation to phonemes. The talking terminal is designed to be used mostly, if not primarily, with computer languages. Abbreviated system messages of the type frequently found on the average time sharing system and other output data are usually not complete sentences. Therefore, the more expedient, less complicated method of independent processing of each word is better suited to this application than a context-dependent process.
The main body of the software is a 10,000 byte table which contains the letters of the alphabet, special symbols, some exception words, and word fragments, all with their corresponding phoneme equivalents.
The program consists of routines to access this table and preprocessing routines which mark long and short vowels.
CONCLUSIONS
The talking terminal does provide an optimal means for a blind programmer to communicate with the computer. However, the applications to the sighted world should not go without mention. For instance, there are security systems where an individual must constantly monitor a CRT screen for messages. This tedious task could be eliminated by using the talking terminal in place of the silent CRT. The employee is then freed to do other tasks and still not miss any incoming messages.
The terminal has potential in computer aided instruction. Young children have conversation ability developments that far exceed their reading skills. The talking terminal could communicate with these children more extensively than the printed page. Also, in a classroom environment, the talking terminal could be coupled to a public address system allowing everyone in the room to hear the computer's output. Thus, one talking terminal would do the job of many conventional terminals.
It is hoped that the design and construction of the prototype talking computer terminal will enable blind programmers to be more self-sufficient and productive and will find many applications among sighted users.
